
RADIUM TOXICITY PROGRAM: 
A PROGRESS REPORT O F  CLINICAL STUDIES ON 

T W E N T Y  - FOUR PATIENTS 

T h e  Radium Toxicity Group 
Report compiled and wri t ten by William B. Looney'' 

1. lNTRODUCTION 

In the s u m m e r  of 1950, the Biological and Medical Research,  Health 
Services,  and Radiological Physics  Divisions began a study of a group of 
mental  patients given radium chloride intravenously by Schlundt, Nerancy, 
and Morris( ' )  at the Elgin State Hospital during 1930 and 1931. The data 
that a r e  presented a r e  t h e  r e su l t s  of the coordinated effort of the following 
m e n  and their  associates:  Austin M. Brues,  Leonidas D. Marinelli,  Robert  
J .  Hasterlik, John E. Rose ,  William P. N o r r i s ,  and Andrew F. Stehney. 
The wr i t e r .  with Dr.  Has t e r l ik  and Dr.  Brues ,  has been concerned with the 
clinical  aspects and the i r  correlat ion with var ious other types of laboratory 
observations.  The detailed work in Sections 4 and 5 on localizalion of 
radium in relation to  radiological and anatomical changes in bone was c a r r i e d  

ut by the wri ter  with t h e  collaboration of Dr.  J a m e s  S. Arnold 2.zC others.  
This  is a p rogres s  r e p o r t  that  s u m m a r i z e s  the present  s t a t e  of :'re investi- 
gation. Detailed publication of various aspects  will follow, 

. 

2. CLINICAL STUDIES 

The clinical s tud ie s  consis t  of observations made  on twenTy-four 
patients. Fourteen of t h e s e  patients received radium chloride intravenously 
at the Elgin State Hospital  during 1930 and 1931 (Table  1) and a r e  sxill l i v h g  
at the institution. 
Chicago a r e a  and who rece ived  radium chloride either intravenously, intra-  
muscular ly ,  or  orally.  
been given radium. 

The r ema in ing  ten a r e  patients who a r e  living in the 

Two of the ten patients did not know that they had 

We a r e  reasonably s u r e  that radium. adminis tered orally o r  paren-  
teral ly ,  was not used extensively in Chicago until about 1924;and the react ion 
of the public and the m e d i c a l  profession against  i ts  u se  following the many 
r epor t s  of the "radium d ia l "  worke r s  short ly  af terward almost  completely 
terminated i ts  use.  
the t ime of administration within a f ive-year  period. 

, 

For  th i s  reason we a r e  able t.o judge with f a i r  accuracy 

* 
Postdoctoral  Fellow, Medical Sciences,  Atomic Energy Commission. 
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The  clinical  s tudy h a s  consis ted of the following procedures .  
ma t ion  of total-body r a d i u m  by radon brea th  and g a m m a - r a y  body m e a s u r e -  
m ents  ; c Iini c a1 hi s to r y ; phys ic  a 1 examinat ion;  hemato  logical s tudies  ; s e r u m  
c a l c i u m ,  phosphorus,  and a lka l ine  phosphatase de te rmina t ions ;  Kahn t e s t ;  
denta l  examinatiori, including denta l  X r ays  ; and complete  roentgenographic 
examination of the skeleton.  

e s t i -  

The  amount of r a d i u m  p resen t  in the  body is the  s u m  of t he  emanat ing 
and nonemanating f r a c t i o n s  tha t  a r e  obtained by ana lys i s  of the radon con- 
ten t  of the  expired a i r  and by m e a s u r e m e n t s  of gamma-ray  act ivi ty  f r o m  
t h e  pat ients '  bodies. 
p r e s e n t  in the twenty-four pa t ien ts  studied. T h e  techniques tha t  we have 
used in  estimating total-body radium" will  be  published a t  a later date.  

T a b l e s  1 and 2 show e s t i m a t e s  of the  amount of r a d i u m  

F o r  the convenience of t he  r eade r  our  e s t i m a t e s  of the Elgin pat ients  
(Table  1) a r e  compared  with t h e  physical m e a s u r e m e n t s  m a d e  by Schlundt 
& a,, at s i x  and twelve m o n t h s  a f t e r  rad ium t r e a t m e n t .  
t he  determinat ions of t h e  es t imat ion  of g a m m a - r a y  act ivi ty  (based on meas- 
u r e m e n t s  with a Wulf-Hess qua r t z - f ibe r  e l ec t roscope )  a r e  probably m o r e  
a c c u r a t e  thzn the i r  e s t i m a t e s  based  on the exp i r ed  radon. 
t he  rate of expiration of radon by having the  pat ient  exhale  into a n  ioniza- 
tion c h a m b e r ,  and they a s s u m e d  a breathing rate of 7.5 l i t e r s  p e r  minute ,  
W e  have  found that  un le s s  t h e  patient is brea th ing  quietly and ags ins t  l i t t l e  
posi t ive p r e s s u r e ,  e s t i m a t e s  of the  amount  of radon in the  expired a i r  m a y  
rary as much as 100 p e r  c e n t  o r  m o r e .  T h e  expirat ion rate may elro v a r y  

cons iderably  f o r  each  pat ient .  

It is thought tha t  

They e s t ima ted  

The average  re ten t ion  of r ad ium by the  Elgin pat ients  at six months  
after adminis t ra t ion was  e s t i m a t e d  to  be  4 . 3  per  cent  and at twe!ve months ,  
1.9 per cent .  Our e s t i m a t e  of re ta ined  r a d i u m  af te r  twenty y e a r s  w a s  
0,8 per cent .  These  va lues  w e r e  obtained by dividing the  sum of t?Le amount  
given by the s u m  of the  estimates of re ta ined rad ium.  I t  should be noted i n  
Tab le  1 tha t  t h e r e  was cons ide rab le  individual var ia t ion  from the  average 
in the  amount  of rad ium given  and  the  amount re ta ined  and that  t he  pa t ien ts  
who rece ived  the  l a rges t  amoun t s  did not show a g r e a t e r  percentage  re- 
tained. 

In the  est imat ion of t h e  amount of r a d i u m  re ta ined  one i s  a lways con- 
f ronted  with the problem of how much of the r a d i u m  was  received by the 
pat ient  and how much was adso rbed  on the g l a s s  of t he  ampule and syr inge .  
According to  Schlundt 9 d., "Radium chlor ide  in  10-pg doses ,d isso lved  in 
isotonic sodium chlor ide solut ion,  having a volume of 2 c c ,  and ca re fu l ly  
s tandard ized ,  was injected at in te rva ls  of a few d a y s  to  a week over  per iods  

* 
D r .  W .  K. Johnston a s s i s t e d  u s  i n  the  p re l imina ry  collection and d s t e r m i n a -  
t ion of radon. 
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that  ranged f ram t -zo ,iiionths to  six mor.ths," 
%y h i s  contemporar ies  to b e  a ve ry  thorough and competent physicist  and 
,le m a y  have taken into cons idera t ion  th i s  fac tor  of adsorption. 

D r .  Schlundt was cons idered  

P re l imina ry  data have  been collected on the excre ta  of nine pat ients  
at t h e  Elgin State Hospital. 
per  twenty-four hours  m a y  b e  about 0.001 pe r  cent  of the radium p resen t  
in t h e  body. 
Lesko ,  and Schubert .(2) However ,  a longer and m o r e  controlled study wil l  
be n e c e s s a r y  to es tabl ish a c c u r a t e l y  the coefficient of elimination. 

We have found tha t  the r a t e  of elimination 

Determinat ions w e r e  m a d e  by the  method reported by Russe l l ,  

In taking clinical  h i s t o r i e s  and pe r fo rming  physical examinations on 
t h e s e  pat ients ,  emphas is  w a s  placed on previous in jury ,  tuberculosis ,  bone 
d i s o r d e r s ,  limitation o r  pa in  on  movement  of the joints ,  and bone t ende r -  
n e s s .  
de ta i l s  of a sat isfactory history. All of t h e i r  insti tutional r eco rds  have  
been summar ized ,  and the per t inent  r e s u l t s  a r e  given in Table  3.  

Only one of the f o u r t e e n  menta l  pat ients  was  capable  of supplying the  

Se rum calcium and phosphorus alkal ine phosphatase r e su l t s  a r e  given 
in T a b l e  4.  All Kahns w e r e  negative.  

. Hematological s t u d i e s  included a comple te  blood count, hema toc r i t ,  
and sedimentation rate. In all patients with 2n estimated total-body r a d i u m  
-ontent above 2 pg, the  e r y t h r o c y t e s  w e r e  sl ightly hypochromic,  with mini- 

sedimentat ion r a t e s  w e r e  e leva ted  above 2 0 . m m  in one hour (Tabl t  5 f o r  re- 
su l t s  of s tudies  on each patient). 

la1 anisocytosis  and poikilocytosis.  In twenty-one of t h e  twenty-fcur patients 

Since much attention has been given to the  dental  changes i E  rad ium-  
poisoned individuals, each pa t ien t  has  had a denta l  examination, including 
dental  X r a y s  (Table  3) .*  T h i s  is of spec ia l  impor tance  s ince  denral  X rays 
w e r e  t h e  only X rays  taken  in  t h e  extensive s u r v e y  of 228 of the " rad ium 
dial"  worke r s  in 1928.(3) Jn tha t  study, dental  changes w e r e  found in all  
w o r k e r s  who had g a m m a - r a y  readings of 4 pg o r  m o r e  of radium. 
hoped tha t  some  cor re la t ion  may be m a d e  between the rad ium dia l  su rvey ,  
s c a t t e r e d  cases in the l i t e r a t u r e ,  the study recent ly  completed by Aub, Evans ,  
Hempelmann, and Mart land,f4)  and the  dental  and ske le ta l  X-ray changes 
observed  in o u r  study. 

It is 

Figures  1 and 2 show t ee th  that c a m e  f r o m  a patient with an  e s t i -  
T h e  honeycombed a.ppearance 

It is J. .I. non- 
m a t e d  total-body radium content  of 10 pg, 
i s  r epor t ed  to  be seen  f r equen t ly  in radium-poisoned patients. 
specif ic  and i s  seen occasionai ly  in people of the  o lde r  a g e  groups.*'-*" T h e  
t e r m  "pink-tooth" is s o m e t i m e s  used to d e s c r i b e  the ex terna l  appea rance  

D r .  J .  R .  Blayney, D i rec to r  ZolIer Dental  Clinic,  University of Chicago, 
examined the patients in t h e  Chi.cago A r e a ,  and D r .  Bernhard hlann, dent i s t  
a t  ' t he  E l g i n  State Hospital ,  examined the Elgin patients. 

44 

.I. -.r -P -c 
Dr. J .  R. BIayney, persona1  communication. 
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Table 4 

SERUM CALCIUM, PHOSPHORUS, AND ALKALINE PHOSPHATASE VALUES'* 
(Normal Range: Ca, 9 - 11 mg %; P, 2 .5  mg % (approximately); 

A l k .  Phos., 2 - 4 Bodansky units) 

Present 
ag = 

Patient No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

63 

43  

47 

4 2  

48 

48 

53 

5 1  

42  

45  

5 1  

56 

52 

4 5  

55 

46  

4 2  

50 

43 

52  

5 2  

55 

7 6  

67 

Alka 1 i ne 
phosphatase 
(Bodansky 

Se r urn Est . tot a 1 - 
body Padium 

(Pf3 1 

Serum calcium phosphorus 

(mg %) units) 
(mg %) 

. 07  9 . 5  3 . 7  4 . 5  

. 5 0  11..3'  3 . 2  4 . 7  

* 55 8 . 6  3 . 1  4 . 7  

. 5 0  10.2 3 .3  0 . 7  

.74 9.5 3 .9  2.9 

.85 - 3 . 2  - 

.90  1 0 . 1  3 .3  6 .3  

.70  9 .9  2 . 3  2 .2  

-97 - 3 . 2  2 .7  

1.03 9 .5  3 .8  3 . 1  

1.10 9 . 6  4 .9  1.7 

1.10 9.7 2.7 3 . 6  

1.05 10 .1  3 .4  2 . 0  

1. so 10.3 3 .0  9 . 3  

1.65 10.4 4 . 0  3 .0  

1 .90  8.7 3 . 3  4 . 0  

1.77 9 .7  4 . 1  2 . 1  

1 .80  1 0 . 2  4 . 6  3 . 3  

2 .85  10 .2  - 
3 . 7 5  9 . 7  3 . 1  3 . 7  

6 . 1 0  11 .4  3 .0  1 .6  

6 .95  9 . 2  4 . 2  ' 2.6  

10.20 9 . 9  3 . 1  2 . 8  

11 .40  9 . 6  3 . 8  6 . 3  

*Chicago Patients 
++Determinations at the University of Chicago Clinics 
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or t hese  teeth;  the pip.kish c a s t  being caused by d e r  r e z c e d  density Setweez 
the red pulp and the ou te r  e n a m e l  covering.  
No. 15)  was r e f e r r e d  to  us for  study because  the  dentist'" suspected rad ium 
poisoning a f t e r  observing a "pink-tooth" condition. 

One of o u r  patients 

Complete roentgenographic  examination of the skeleton has  been 
The  radiological changes made  on nineteen of the twenty-four  pat ients .  

noted in the bones of t h e s e  pat ients  have been divided into four  groups:  

1)  Small  well-defined a r e a s  of d e c r e a s e d  density that occur  pr in-  
cipally in the s k u l l  and r ange  f r o m  1 t o  5 mm in d i ame te r  
( F i g u r e  3) .  

2 )  A r e a s  of i n c r e a s e d  densi ty  and d e c r e a s e d  densi ty  that  occur  rela- 
t ively c lose  to each other  and give a "mott led" o r  "moth-eaten" 
appearance.  T h e r e  a re  two pr inc ipa l  a r e a s  in which mottl ing has 
been noted, One is in t h e  heads  and necks  of t h e  f emora ,  where  
t h e r e  a r e  usua l ly  well-defined a r e g s  of inc reased  densi ty  between 
1 and 2 rnm in  d i a m e t e r .  T h e r e  m a y  o r  m a y  not be  adjacent  areas 
of dec reased  dens i ty .  This  a l s o  o c c u r s  in the  heads of the  h u m e r i  
to  a l e s s e r  d e g r e e .  
of the  scapu lae  whose  appea rance  may be  desc r ibed  as m o r e  
"moth-eaten" than  mott led.  
the  t r abecu la r  pa t t e rn ,  with foca l  areas of reduced dens i ty  and 
i r r e g u l a r l y  i n c r e a s e d  t r a b e c u l a r  m a r k i n g s  ( F i g u r e s  4 aid. 5). 

3 )  Longi tudina largas  of d e c r e a s e d  dens i ty  that  occu r  in the shaf t s  of 
the  long bones give a s t r eaked  appearance .  Minimal  chznges a re  
r a the r  difficult to evaluate  because  a t  p re sen t  we a r e  uaable  to 
es tab l i sh  a well-defined n o r m a l  r ange  ( F i g u r e  6 ) .  

T h e  second a r e a  is in the  glenoid p r o c e s s e s  

T h e r e  is usually a r e a r r a n g e m e n t  of 

-- 

4) Varying d e g r e e s  of d is tor t ion  of n o r m a l  configuration and des t ruc -  
t ion of bone w e r e  s e e n  in seven  of the  twenty-four cases .  
u s e  the  t e r m  "asep t i c  n e r r o s i s - ( 5 ) ( F i g u r e  7), p r i m a r i l y  in a ae- 
sc r ip t ive  m a n n e r ,  i n  r e f e r e n c e  t o  t h e s e  changes.  

We wil l  

Of the  nineteen c a s e s  in  which dental  and comple te  ske le ta l  X r a y s  
have been m a d e ,  t h e r e  have  been changes compatible  with the  diagnosis  of 
asept ic  n e c r o s i s  in seven ,  a pa r t i a l  loss of the  mandible  in two c a s e s ,  and 
nonunion of the mandible i n  one;  f if teen of t he  nineteen c a s e s  had changes 
that  we have descr ibed  as  e i t h e r  well-defined areas of d e c r e a s e d  density,  
mottl ing,  o r  streaking. 

4. 

- " D r .  0. H. Moldal. 

0 0 1 9 9 4 4  
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The regularity of t h e  ske le ta l  changes in these  patients sug%Fsts that  
they w e r e  produced by rad ium.  
a l t e r a t ions  a r e  nonspecific,  and such f a c t o r s  a s  injury,  faulty blood supply, 
and o t h e r  poorly understood f a c t o r s  m a y  have produced the changes by 
themse lves  o r  in conjunction with radium. 
b e f o r e  any definite conclusions can be made .  

I t  i s  to b e - s t r e s s e d ,  however, that  t hese  

More  information will be needed 

f- 

We have been v e r y  for tuna te  in  having Dr .  Dal las  B. P h e m i s t e r ,  
P r o f e s s o r  Emer i tus  of Orthopedic Surgery,  Universi ty  of Chicago, Dr .  Paul 
C.  Hodges,  Head af the Depar tment  of Radiology, University of Chicago, and 
D r .  Rober t  M. Po t t e r ,  Assoc ia t e  in Radiology, Northwestern University,  give 
t h e i r  t i m e  in reviewing X- ray  f i l m s  and the benefit of their  exper ience  in 
the  interpretat ion of roentgenographic and patho logical changes caused  by 
asep t i c  nec ros i s  and rad ium.  
o b s e r v e d  by Dr. Pot te r  and t h e  author in the  review of the radiographs.  

The  consis tency of the skeletal  changes was 

3. MALIGNANCY 

One c a s e  of mal ignancy has  been found in the study. Th i s  is p resen t  
in p a t i e n t s ( N o .  16, Tab le  3) .  About twenty y e a r s  ago, during a per iod 
of s e v e r a l  weeks,  the patient received wa te r  containing an  unknown amount 
of r ad ium for migra to ry  polyar thr i t is .  
15 d rops ,  3 t i m e s  daily. 
w a t e r ,  pain began to o c c u r  in  the  left foot whenever  she  walked. 
X rays  of the  foot w e r e  taken,  and a diagnosis of “asept ic  nec ros i s  of the 
t a ’ r sa l  bones of the foot”  w a s  made.  In 1951, the patient was stw2ied in  o u r  
c l inic ,  and the total-body r ad ium content was  es t imated  to  be 1 - Y  <pg. 
of the m a r k e d  changes in the  bones of the foot, a biopsy was  obicined and a 
f i b r o s a r c o m a  was diagnosed f r o m  the his tological  section. The  leg w a s  am- 
putated 15 c m  below the knee, and the patient m a d e  an uneventic1 recovery .  
However, pain of increas ing  seve r i ty  is p resen t  in  the shoulders ,  spine,  and 
remain ing  foot. 

It was  given oral ly  at the rate of 

In 1948 
In 1947, s ixteen years after taking the  rad ium 

Because 

Labora tory  data on th i s  patient a r e  given b e l o w  

Date - 
2-17-48 

D a t e  

2-3-48 
1-11-51 

5- 1-5 1 

S t e rna l  m a r r o w  E r ythr  o b 1 a s t i c hype r p la s i a 

RBC - Hg Smear  of per iphera l  blood - 
! 5,300,000 12 

3 , 740 , 000 Po lyrno rphonuc lea r 

4,140,000 11.5 Po lyrnorphonuc l e a r  

11.2 
leucoc y t e s  -toxic 

1 eucoc yt  e s -to xi c 

I 
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Date - Ca IC ium Phosphor us  Alkaline phosphatase 

2-6-48 10.3 
2- 16-48 10.4 
3-6-48 10.4 
1-1 1-51 8.7 

5.4 
5.7 
5.4 
3.3 

4. ESTIMATES OF RADIUM IN AN AMPUTATED 

5.2 
5.3 

4.0 
- - -  

LEG 

Est imates  of the  nonemanating f rac t ion  of rad ium in the amputated 
leg of patient -were m a d e  at different  t i m e s  and by var ious methods.  
Two days  af ter  amputation (2-22-51) the g a m m a  act ivi ty  of the whole leg 
w a s  found to b e  equivalent t o  0.022 pg of rad ium by means  of scinti l lat ion 
counting. 
sea led  in a g las s  container  i n  o r d e r  to m e a s u r e  the  gamma- ray  act ivi ty  of 
the r ad ium in equilibrium with its daughters .  
1951, and the total  Ra conten t  w a s  found to be  0.04 pg. 
f rac t ion  of radium of most of t he  avzilable bones w a s  measu red  again by in- 
se r t ing  them singly in a h igh -p res su re  ionization chamber  (5-27-51 ), and the  
s u m  was  found to be 0.0204 pg (Table  6). It is s e e n  a l s o  in Table  6 that, ex- 
chpt f o r  the tumor area, t h e  ave rage  concentration pe r  g r a m  of wet bone as  
determined by gamma- ray  act ivi ty  does  not differ in any one bope by m o r e  
than 25 per  cent  f r o m  the a v e r a g e  of the total  amount of bone removed. 
Although the  agreement  be tween these two types  of measu remen t  is sa t i s -  
fac tory ,  it remains  to  b e  es tab l i shed  whether t he  ag reemen t  is fcr-uitous or  
is indicative of an approx ima te  equipartition of R a  in the  f r e e  ernanzzing and 
nonemanating form. 

The soft  t i s s u e s  w e r e  then removed,  and the  bones of the  leg w e r e  

This  w a s  done on Apr i l  30, 
The nonemanating 

, 

This  s imi la r i ty  in  concentrat ion was  found in some  m e a s u r e m e n t s  on 
total  radium content of samples of bone weighing f r o m  0.4 to 1.5 g. The  da ta  
a re  presented in Table 7. 
the four  samples  a s sayed  is 9.45 x lo-’ g of r ad ium pe r  g of wet bone, which 
i s  in good agreement  with the average  obtained in Table  7 where the r a t i o  of 
nonemanating radium to t o t a l  radiurn i s  taken into consideration. It should 
a l so  be noted that the low r a d i u m  content in the  t u m o r  a r e a  i s  consis tent  in 
both types of measu remen t s .  

It m a y  be seen  that  the ave rage  concenzration Of 

However, compar ison  between the total  a v e r a g e  radium content Of 

the bones of the amputated leg and the ave rage  concentration in the skeleton 
a s  obtained by in vivo m e a s u r e m e n t s ,  revea ls  s o m e  significant d i sc repanc ie s  
(Table  8). 
radium in the leg bones i s  about  one third that calculated f r o m  the in  vivo 
measu remen t s  on the pa t ien t  and the a s sumed  weight of her  skeleton. 

It will be not iced that ,  on the average ,  t he  concentration of to ta l  

While 

0 0  I 9 9 5  I 
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ESTIMATION O F  T H E  NONEMANATING RADIUM CONTENT OF THE 
BONES OF THE AMPUTATED LEG OF PATIENT- BASED UPON 

VALUES OBTAINED USING THE HIGH-PRESSURE GAMMA 
CHAMBER AND VIBRATING-REED ELECTROMETER9 

Weight of Est imated  y - ray  activity 

( g )  content pe r  g wet bone 
Bone wet bone to ta l  rad ium in  fig of R a  

Tibia  

Fibula 

Talus 

Calcaneus 

90 .0050 5.5 1 0 - ~  

4 5  .0027 6.0 

78 .0039 4.9 10-5 

Tumor area 45  .002 1 2.8 10'~ 

Dis ta l  foot 166 ,0077 4.2 1 0 - ~  

Total 424 Total .0204 AV. 4.8 x 

* 
Determinat ions by W. P. N o r r i s  and W. B. Looney. 

. 0 . .  
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.I_ ~,. 
a small par t  of this  d i f fe rence  i s  d u e  to nonskele+nl  radium, 
ancy is too large f o r  experimentat ion and indicates that  the leg bone of 
t h i s  patient took up  r a d i u m  in sma l l e r  proportion than the average.  
is consistent with r e s u l t s  published in the l i t e ra ture . (6)  

the d iscrep-  

Th i s  

5. INITIAL EFFORTS TO CORRELATE RADIUM DISTRIBUTION WITH 
THE RADIOLOGICAL CHANGES BEING SEEN IN THIS STUDY 

After radiographs w e r e  m a d e  of the patient’s amputated fibu- 
la (F igures  8-12), s ec t ions  w e r e  taken f r o m  the  s t reaked  a r e a s  of dec reased  
density. 
degeneration running approximately para l le l  to the havers ian  sys t ems .  

The bone changes appear  to be  reasonably well-defined areas of 

Microscopic examinat ion of c r o s s  sec t ions  of the  fibula shows cen- 
t r a l  canals  whose d i a m e t e r s  range f r o m  n o r m a l  up to a lmos t  the  en t i r e  
d iameter  of the havers ian  system. Dr .  Phemis t e r  h a s  suggested that  the  
cen t r a l  canals may have inc reased  in s i z e  by gradual  bone r e sc rp t ion  as 
seen  ill bone degeneration. 
resu l ted  in  fusion of ad jacent  cen t r a l  canals .  
radiological changes are shown in F i g u r e s  13 through 16. 

T h e  l a rge  a r e a s  of bone destruct ion m a y  have 
The  g r o s s ,  microscopic  and 

The only his tological  sec t ions  w e  have at the pre-sent t ime  w e r e  taken 
f r o m  the upper end of the tibia. 
P ro fes so r  of Orthopedic Surge ry ,  University of Chicago, and Dr .  7. Wasser- 
m a n n  have received t h e s e  sec t ions  and consider  t he  changes to be consis tent  
with those seen  in dead a n d  dying bone. T h e r e  was ,  however, rn iz lmal  evi- 
dence of regeneration. The degenerat ive changes seen  in these  histological 
sect ions a r e  s imi la r  t o  those seen  i n  the  fibula (F igu res  13 and 13-4). 

Dr. P h e m i s t e r ,  Dr.  C. Howard Hatcher ,  

Radioautographs of bone taken f r o m  the tibia and inc1udi-n-g the  co r t ex  
and t rabeculae have been  p repa red  by Dr. J. S .  Arnold.(?) Although the sec- 
t ions a r e  longitudinal and  oblique, they show s i m i l a r  a r e a s  of des t ruc t ion  
and var ia t ion in s i ze  of t h e  c e n t r a l  cana ls  in the t ibia a s  previously seen  in 
the  fibula. 
a r e a s  of the cort ical  and t r abecu la r  bone contained aImost  no alpha t r a c k s  
o r  were  ent i re ly  f r e e  of them,  
concentrated.  We a r e  a s  y e t  unable to  es tabl ish any d i r e c t  re la t ionship be- 
tween the r ad ium dis t r ibut ion and the des t ruc t ive  changes. Some havers ian  
sys t ems  have destruct ive changes with a lmos t  no alpha t r a c k s ,  o t h e r s  have 
destruction with alpha t r a c k s  concentrated along the per iphery of the cen t r a l  
canal.  Some haversian s y s t e m s  appear  relatively no rma l  with rad ium 
present  either in the manner descr ibed  o r  m o r e  evenly dis t r ibuted (F igu res  14 
to. 16). 

Radium dis t r ibu t ion  i n  these  sect ions was  ve ry  i r r egu la r .  La rge  

In o ther  a r e a s  the radium was relat ively 

2- .I. 

D r .  A. F. Stehney found tha t  the concentration of rad ium in soft  t i s sue  was  
about 1/200 that of the bones. This  m a y  not be too rel iable  because bone 
dust  may have been c a r r i e d  into the t i s sues  a t  the t i m e  of operation. 
0 0 1  9 9 5 5  
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6 .  CONCLUSION 

T h e  most  s ign i f icant  f indings in th i s  study have been the roentgeno- 
graphic  findings. Seventeen of t he  nineteen patients had changes in bone 
densi ty ,  and in eight of t h e  nineteen, changes in no rma l  configuration of bone 
w e r e  present .  No d i r e c t  re la t ionship was  observed between the  roentgeno- 
graphic  changes o r  symptomatology and the amount  of radium remaining in 
the  body. 
who was  concerned with the  cl inical  a s p e c t s  of a s imi l a r  investigation of 
twenty-eight people by Aub, Evans ,  Hempelmann, and Martland (to be  pub- 
l ished soon). 
roentgenographic changes.  
r ad ium content of 0.5 pg had min ima l  roentgenographic changes. 

4 

This  observa t ion  h a s  a l so  been m a d e  by Dr.  L. H. Hempehnann 

All pa t ien ts  having 1 pg o r  m o r e  r ad ium in the i r  bodies had 
One patient who had an  est imated total-body 

It would s e e m  t h a t  r ad ium plus a n  unknown fac tor  o r  f a c t o r s  com- 
bine to produce bone degenerat ion.  
changes with Drs .  Joseph  C. Aub, Dallas B. P h e m i s t e r ,  Shields Warren ,  and 
Howard Hatcher ,  we find tha t  all have considered that  the effect of radium 
on the blood supply to  the bone m a y  be an important  factor  in producing the  
changes . 

In d iscuss ing  the  roentgenographic 

Dr .  Paul  C. Hodges has  consented to have the  m e m b e r s  of t he  Depart-  
m e n t  of Radiology of the Universi ty  of Chicago look f o r  changes s imi l a r  to  
those  being seen  in t h e s e  patients.  
Depar tments  in the hospi ta l s  of Chicago a re  fami l ia r  with this study. It is 
planned to  m e e t  with these m e n  and invite them to conduct a sLr--ikr study. 
Th i s  wil l  s e r v e  two purposes:  

Most  of t he  heads  of the Radiological 

1) It will provide f u r t h e r  information on the normal  r azge  of ske le ta l  
changes in people  in th i s  a g e  group. 

2 )  It will help locate m o r e  persons  who have had radiLX. 

Dr.  C. Howard Ha tche r  h a s  consented to  examine spec i r -ens  of a 
s i m i l a r  nature  in an  e f f o r t  to de t e rmine  whether t h e r e  a r e  any d i f fe rences  
o r  s imi l a r i t i e s  in the his tological  changes being s e e n  in the patients who 
have had radium and those  who have other  degenerat ive bone d i seases .  

Specimens of t h e  amputated leg' of the patient- a r e  being pre-  
pared  f o r  s e r i a l  sectioning. An a t tempt  will be m a d e  to  m a p  simultaneously 
the alpha t r a c k s  and the histological changes to  pe rmi t  the construction of a 
three-dimensional  p las t ic  model.  
of r ad ium distribution a s  wel l  a s  o f f e r  a m'eans of calculationg the amount of 
ionizing radiation n e c e s s a r y  to  produce bone changes.  

Thi; m a y  provide a bet ter  understanding 
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